
PHOTOGRAPH THIS SHEET 

CO 
CM 

CO 
in o 
< 
i 

Q 
< 

X 
Ui 
ca 

Z 
Z 
o 

u u < 

LEVEL INVENTORY 

DOCUMENT IDENTIFICATION 

4 Jtoio.'ltf. 

DISTRIBUTION STATEWEN;r_^ 

Approved lor public release; 
Diftzibution Unlimited 

DISTRIBUTION STATEMENT 

ACCESSION FOR 

NT1S GRAAI 

DTIC TAB 

UNANNOUNCED 

JUSTIFICATION 

^r D 
G 

BY 
DISTRIBUTION 
AVAILABILITY CODES 
DIST 

P /l 

AVAIL AND/OR SPECIAL DATE ACCESSIONED 

DISTRIBUTION STAMP 

UNANNOUNCED 

84    06   05 003 
DATE RECEIVED IN DTIC 

PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDA-2 

DTIC 0
F°T^9 70A 

DOCUMENT PROCESSING SHEET 





REPORT  NO. L'^/cPj 

DATE   DISTRIBUTED. M 

DISTRIBUTION OF REPORTS 

>^ NO. OF COPIES L 

- l 

Autho',-  — / 

Lab. File 

Main Office File -     j 

Chief of Ordnance 

Springfield Amory 

Matervllet Arsenal 

Rock Island Arsenal 

Frankford Arsenal 

Picat inny Arsenal 

Aberdeen Proving Ground 

Extra Copies /  ) 

Other establishaents 
requesting work. 

-r      -/ 

y s - ./.. trr: .   ;^^r. Si 
7 •lu-r   s<./i.-t/rt 

w^' 

y 

M^. ■MM 



Vatsrtoim Arsenal 
Report lo. 6l2/27 
(lz.O. UH-Ar-l) Jaxramry 6, 19^2 
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OBJ»» 

fo  «tudy tke bebarior of alternatlTe source« of alloft 

and leoxldlters for Vatertom Arsenal fun eoapesitlon. 

800P1 

Bds report deals vlth possible •obstitute« for tks alloys 

and deoxidlsers used in present aeltlac practice to aake Vatertown 

Arsenal gun ooaposltion, nsMsly, 

G .20-.25*   81  a5-.35lt 
Ma .6o-.90it    Cr  1,00-1.10)6 
?  .025^ Max.  No  .U5-.55^ 
8  .02511 Max.   T   .0g-.12^ 

lo atttnpt is aada to eraluate tbe present or fature arallablllty 

of any of thess ferro-alloys. 

ooiaosioi» 

1* UM adTantasss gained tbroxi^ use of a few of tbe 

alterant« er substltuts aaterials studied are ainor. In 

aaay eases dlsadTantages arise. It is beliered that tbe present 

praetlee ebould be oontioned until eondltions affeetiag the 

arsenal are ehaagad* 

2« Should ehaages beceae neeeseazy, the folleviaf «*b~ 

stltutlons oould be nade with no ohaaffe in «eltin« teehnifue 

and aa diffioultyt 
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I lfRODUCTIOll 

To etud7 the behavior of alternative sources of allo7a 

and deoxidisere for tertown AraenW.. gun compoei tion a eeriea 

of aome thirt7 heah waa ad of \h. t analysis. In Poach of 

th se heats one ferro-alloy s substituted directly for another 

v1th no other ch in practice; for example, eletrolytic 

~neae s :bat1tuhd for the pr aent 96~ fet•ro-m~neae, 

or 95~ ferro-•111con waa substituted for th~ reeent 5~ ferro

silicon, etc. .Ul heate were ude in duplicate. Fnrnace prachce 

on all heata wae i~ nt1eal except for the aub~titution. !be 

h ta, 60 lb. in a1se, were caet in the Model {t-J) centrifugal 

caat1n& .e~hine. 

Ch ieal. &DA13aie and •aa eaat• macro-etch teata were tr.ken 

fr the eaatinge. Since the analraia aade 1n each heat waa 

tertown Arsenal gun eoapoa1tion it waa thought unaee&a.ary 

exe t in ot\e o.r two caa a to heat tr~at the caatiJ¥1 a.ud. de

ter.1n their bTaical propert1ea. 

JJA.'l'J. DISCUSSIO. 

Mat rial Studied 

!he follo~ wabatitattona were atu41e4: 

1. :ror Pic Iro1l 

~· Carboa in the fOl'JI of •All el•etrodla •• 

ad.d.ecl at hip t~illre. 

2. J'or ~ hrro ....... 

a. ~ 7arro •nceaeM. a hip oar1t011 electric 

tv.ce preact. 
_,_ 



b«    Electrolytic Manganese, a product refined 

by wet electrolytic methods from low grade manganeee ores. 

e*    Slllco-aanganese, a high carbon high silicon 

electric furnace product. 

d,    Speigeleisen, a high carbon, high manganese 

iron. 

3.    For 50^ Terro-silicon 

*.    955^ Perro-sillcon, a purer grade of electric 

furnace ferro-silicon. 

b.    High Silicon Sillco-manganese, a high manganese 

electric furnace ellicon. 

k.    Tor fQff) rerro-chromlum 

a. Chromium metal. 

b. Low carbon Chrom-X, an exothermic mixture of 

chromium ore. 

£•    High 11 trogen Ferro-chromium, an electric furnace 

Ferro-chromium high in nitrogen. 

5. For 60^ Ferro-aolybdenum 

a.    Calcium molybdate, a compound containing about 

35^ molybdenum and 15^ calcium, in duplex oxide form. 

6. For U(rt Ferro-ranadium 

a,    Gralnal #1, a Tfmndium-tItanium-aluminum eleotrie 

furnace ferro-alloy. 



Table No. I gives typical analyses of these materials used. 

Melting BehaTior and Alloy RecoTery 

The difficulties encountered in making these heats are worth 

noting.    A thin watery low tenperatnre slag was formed In ezces- 

sire amounts when Chrora-X or Calcium molybdate was used.    It 

was impossible to completely remove this slag before pouring and 

a considerable quantity of It was carried into the pouring box, 

Chrom-X gave very low chromium recovery.    When Speigeleisen was 

used excessive slag was formed and the large addition (necessary 

because of its analysis) chilled the metal bath sufficiently to 

delay the heat considerably.    Speigeleisen gave very low manganese 

recovery. 

Table No. II lists the over-all afficiencles for the various 

elements when either standard or substitute materials were used. 

Macro-etch examination of "as cast" discs showed all castings 

to be acceptable and of quality equal to standard eastings except 

those made using High Nitrogen Ferro-chromium.    Although the 

macro-etches were very poor on eastings made with high nitrogen 

ferro-chromium, the physical properties when heat treated, were 

satisfactory. 

Table lo. Ill give« the physical properties of the eastings 

that were heat treated with the usual normalise (2200*7 for l6 hrs.), 

famch (from l650oF), and draw (temperature varies with analysis). 

Figure 1 shove the location of these test specimens. 



MBLB Id, I 

Typical Analysea 

C       Mn Si Cr       Mo Y     !• 

WatTtown Arsenal yerro-Allgye 

Pig Iron kM   0.17 0.85 9^.5 

96^ Perro-aanganese 0,15 96.30 0.82 3.6 

50^ Perro-Slllcon »«9.82 50.0 

70^ Perro-chromltui 0.08    0.23 0,26 69.^2 29,0 

60^ Perro-aolybdemm       l.UO   0.09 0.H2 65.Ul 32.5 

UO^ Perro-ranadlTMi 0,3^    0,M) 1,12 38.55   59.5 

Sobfltlttttt PTro-*Alloy 

Carbon electrode 99.7 

80^ Perro-aanganeee 3.60 80.OH l6.0 

Electrolytic Manganese 99,9 

Slllco-Banganese 5.08 20.20 1.17 73.0 

Speigelelaen 2.06 68.13 1^.70 15.0 

SilicoHaanganese 0.56 67.93 21.35 10.0 

95^ Perro-elllcon 93.87 6.0 

Chremina metal 0,15    oM 97.76 0.7 

Chron-X 0.20 25.0 15.0 

* High Nitrogen Perro- 
chromixui O.56                          bo,72                           29,0 

•* Calcin Molybdate 35.70 

x toalnal #1 3.97     0.11              2U.89 UU,0 

♦   0,72^ 11trogen 
Calcin 
Titanium, 9,03^ lltualnn« 

-6- 

•♦ ikM c 
x   17.2*^ 



TABLE HO.  II 

Over-all Recovsry Bffielmcle» of Mdltlong 

(Anount in finished casting ) 
v Amount charged ' 

C     Mn   Si    Or   Mo    V     Al   T.1 

Standard (Arerage 90   bk   56   93    90    92    -     ~ 

Carbon electrode 93 

80^ Ferro-manganese bO 

Electrolytic Manganese 62 

Silieo-manganese 6l   71 

Speigeleisen 85    MO 

High Silicon Sillco-aanganee© 6g   69 

95^ Perro-silicon 55 

Chrom inn metal 96 

ChroB-X 61 

High Hitrogen Perro-chromlTun 100 

Calcitun Molybdate S7 

Gralnal #1 91   39   73 
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naimE i. 

Machining of Model Centrifugal Cattipf For Teatlng. 
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